Introduction
The investigation of exact travelling wave solutions to nonlinear evolution equation plays an important role in the study of nonlinear physical phenomena for various fields of science and engineering, especially in mathematical physics, plasma physics, fluid dynamics, quantum field theory, biophysics, chemical kinematics, geochemistry, propagation of shallow water waves, high-energy physics and so on. The analytical solutions of such equations are of fundamental importance since a lot of mathematical-physical models are described by nonlinear evolution equations (NLEEs). Many powerful and direct methods have been developed to find explicit solutions to the NLEEs, such as, wave of translation [1] , the inverse scattering transform [2] , the Hirota's bilinear method [3] , the Darboux transformation method [4] , the Backlund transformation method [5] , the tanh method [6] , the tanh-sech method [7] , the symmetry method [8] , the Painleve expansion method [9] , the Exp-function method [10e14], the Adomian decomposition method [15] , the homogeneous balance [16] and so on to construct exact solution of NLEEs. Lately, Wang et al. [17] introduced an expansion technique called the (G 0 /G)-expansion method, and they verified that it is a simple technique look for analytic solutions of NLEEs. In order to show the efficiency of the (G 0 /G)-expansion method and to extend the range of its applicability, further research has been carried out by several researchers, such as, Zhang et al. [18] proposed a generalization of the (G 0 /G)-expansion method for solving the evolution equations with variable coefficients. Zhang et al. [19] also presented an improved (G 0 /G)-expansion method to seek general traveling wave solutions. Zayed [20] obtainable a new approach of the (G 0 /G)-expansion method where G(x) satisfies the Jacobi elliptical equation ½G 0 ðxÞ 2 ¼ e 2 G 4 ðxÞ þ e 1 G 2 ðxÞ þ e 0 . Zayed [21] again proposed an alternative approach of this method in which G(x) satisfies the Riccati equation G 0 (x)¼AþBG 2 (x), where A and B are arbitrary constants. Akbar et al. [22] proposed a generalized and improved (G 0 /G)-expansion method which give more new solutions than the improved (G 0 /G)-expansion method [19] .
Recently, Alam et al. [23] further improved the (G 0 /G)-expansion method known as novel (G 0 /G)-expansion method. They have solved only single NLEEs using this method. The nonlinear Maccari system is an important mathematical model in physics. Currently, Lee et al. [24] , Hafez et al. [25] , and Manafian et al. [26, 27] have solved the Maccari system using the Kudryashov method, the expðÀðFðxÞÞÞ -expansion method and the Exp-function method respectively. Therefore, the aim of this article is to investigate new exact travelling wave solutions to the Maccari system by use of the novel (G 0 /G)-expansion method, which is more effective than others methods.
Description of the novel (G′/G)-expansion method
Let us consider the nonlinear evolution equation P À u; u t ; u x ; u y ; u xx ; u yy ; u tt ; u tx ; … Á ;
where P is a polynomial in u(x,y,t) and its partial derivatives wherein the highest order partial derivatives and the nonlinear terms are concerned. The most important steps of the method are as follows:
Step 1: Combine the real variables x,y and t by a complex variable x, we suppose that uðx; y; tÞ ¼ uðxÞ;
where c denotes the speed of the traveling wave. By use of Eq. (2), Eq. (1) is converted into an ODE for u¼u(x):
where, Q is a function of u(x) and its derivatives wherein prime stands for derivative with respect to x.
Step 2: Assume the solution of Eq. (3) can be expressed in powers j(x):
where
and FðxÞ ¼ G 0 ðxÞ GðxÞ . Here a ÀN or a N may be zero, but both of them could not be zero simultaneously. a j (j¼0, ±1, ±2, /,±N) and d are constants to be determined later, and G¼G(x) satisfies the second order nonlinear ODE:
where prime denotes the derivative with respect x; l, m, and n are real parameters. The Cole-Hopf transformation FðxÞ ¼ lnðGðxÞÞ x ¼ G 0 ðxÞ GðxÞ reduces the Eq. (6) into Riccati equation:
Eq. (7) has individual twenty five solutions (see Zhu [28] for details).
Step 3: The value of the positive integer N can be determined by balancing the highest order linear terms with the nonlinear terms of the highest order come out in Eq. (3) . If the degree of u(x) is D[u(x)]¼n, then the degree of the other expressions will be as follows:
Step 4: Substitute Eq. (4) including Eqs. (5) and (6) 
and improved (G 0 /G)-expansion method. If we put d¼0 in Eq.
(5) and n¼0 in Eq. (6), this method is identical to the improved (G 0 /G)-expansion method presented by Zhang et al. [19] . Again if we put d¼0, n¼0 and negative the exponents of (G 0 /G) are zero in Eq. (4), then this method turn out into the basic(G 0 /G)-expansion method introduced by Wang et al. [17] . Finally, if we put n¼0 in Eq. (6) and a j (j¼1, 2, 3,/,N) are functions of x , y and t instead of constants then the this method is transformed into the generalized the (G 0 /G)-expansion method developed by Zhang et al. [18] . Therefore we observe that the methods mentions in the refs. [17, 19, 22, 29, 30] are only special cases of the novel (G 0 /G)-expansion method.
3.
New exact travelling wave solutions of the (2 þ 1)-dimensional Maccari system Let us consider the (2 þ 1)-dimensional coupled integrable nonlinear system in the following form
If we apply the following transformation uðx; y; tÞ ¼ e iu UðxÞ; vðx; y; tÞ ¼ VðxÞ;
where u¼pxþqyþrt and x¼xþyþct , the Maccari system in (8) can be reduced to a system of ODE form as follows: 
By substituting Eqs. 14e18 to the Eq. (13), we get
Therefore, with the help of Eqs. (9), (11) and (19), the travelling wave solution of the Maccari system is given by
where,
2 À 2m and a À1 ,m,n,l,d,p and q are arbitrary constants. By substituting the value of (G 0 /G) into Eq. (24), we obtain the following:when U¼l À4mnþ4m>0 and l(nÀ1)s0 (orm(nÀ1)s0), we get that
ðc þ 1Þ
e g y p t i a n j o u r n a l o f b a s i c a n d a p p l i e d s c i e n c e s 2 ( 2 0 1 5 ) 2 0 6 e2 2 0
where, A and B are real non-zero constants.
when U¼l 2 À4 m nþ4 m<0 and l (nÀ1)s0 (orm (nÀ1)s0), we get that
where, A and B are constants such thatA 2 ÀB 2 >0.
(46)
when m¼0 and l (nÀ1)s0, we get that
when (nÀ1)s0 and l¼m¼0, we get that
Again, by use of (20) and the solutions G(x) of Eq. (6), the travelling wave solutions of the Maccari system are obtained in the following form:
and a À1 ,m,n,l,p and q are arbitrary constants.
when U¼l 2 À4 m nþ4 m>0 and l (nÀ1)s0 (orm (nÀ1)s0),
Other families are ignored for convenience.when U¼l 2 À4 m nþ4 m<0 and l (nÀ1)s0 (or m (nÀ1)s0),
Other families are ignored for convenience. when m¼0 and l (nÀ1)s0,
Other families are ignored for convenience. Again, by use of (21) and the solutions G(x) of Eq. (6), the travelling wave solutions of the Maccari system are obtained in the following form:
Other families are ignored for convenience.when m¼0 and l (nÀ1)s0,
Other families are ignored for convenience.when (nÀ1)s0 and l¼m¼0,
Again, by use of (22) and the solutions G(x) of Eq. (6), the travelling wave solutions of the Maccari system are obtained in the following form:
where, À4mn and a 1 ,m,n, l,p and q are arbitrary constants.
when U¼l 2 À4 m nþ4 m>0 and l (nÀ1)s0 (or m (nÀ1)s0), e g y p t i a n j o u r n a l o f b a s i c a n d a p p l i e d s c i e n c e s 2 ( 2 0 1 5 ) 2 0 6 e2 2 0 l 2ðn À 1Þ À l k ðn À 1Þ fk þ coshðl xÞ À sinhðl xÞg
Finally, by use of (23) and the solutions G(x) of Eq. (6), the travelling wave solutions of the Maccari system are obtained in the following form:
À2þ4yÀ2n 2 2ðn 2 þ1À2nÞ t, r¼À8mþp 
derivatives at the jump of a cuspon diverge. The statement is that cuspon can be represented as uðx; tÞ ¼ e ÀjxÀaj 1=2 ; n > 1. It can easily be shown that u x /∞ at the cusp, and u x , u xx //0 to distinguish the soliton property. In Fig. 4 , we presented the shape of the cuspon, obtain from solutions u 125 and v 125 of the Maccari system (8) 23 comes infinity as in trigonometry, are singular kink solution. The Fig. 5 shows the shape of the exact singular kink-type solution (only shows the shape of solution of u 1 5 ; v 1 5 forp¼Àc/2, q¼1, l¼1, m¼À1, n¼3, d¼1.5, a À1 ¼2 with À10 x, t 10,y¼0 ).
Solutions of u 3 12 and v 312 represent the exact periodic traveling wave solutions. Periodic solutions are traveling wave solutions that are periodic such as cos(xÀt). In Fig. 6 , we have represented the periodic solution of u 3 12 and v 312 for p¼Àc/2, q¼1, l¼À1, m¼1, n¼2, d¼1, a 1 ¼1 with À10 x, t 10.
Solutions of u 112 ; v 112 to u 122 ; v 122 are represented the exact soliton periodic traveling wave solutions of the Maccari system (8) . In Fig. 7 , we have presented soliton periodic traveling wave solution of u 113 ; v 113 for p¼Àc/2, q¼1, l¼À1, m¼1, n¼3, d¼1, a À1 ¼2 with À10 x, t 10, y¼0 respectively.
Solutions of u 13 ; v 13 u 110 and v 110 are represented the exact singular kink periodic traveling wave solutions of the Maccari system (8). In Fig. 8 , we have presented singular kink periodic traveling wave solution of u 13 and v 13 for p¼Àc/2, q¼1, l¼1, m¼À1, n¼3, d¼1.5, a À1 ¼2 with À10 x, t 10,y¼0 respectively.
Conclusion
In this article, we have investigated a system of complex coupled equation. The novel (G 0 /G)-expansion method has been successfully applied to find more general travelling wave solutions of the coupled complex system. From the above solutions, we observe that if we take the particular values for the physical parameters, then these solutions are identical with the some particular solutions obtained by r e f e r e n c e s
